Introduction
The sense of smell has for long been regarded very much the 'Cinderella' of the special senses in man-, but in lower animals survival itself may depend upon adequate olfactory function. Although olfaction has lost much of its importance for man it is still intimately involved with the regulation of visceral function and emotional expression, as much oftoday's commercial advertising demonstrates.
Anatomy
The olfactory receptor area is localized to a small region of the cribriform plate, adjacent nasal septum and superior turbinate. It consists of specialized receptor and supporting cells and specialized glands which are believed to provide secretions essential to normal olfactory perception-, The central myelinated processes of the bipolar receptor cells form approximately 20 olfactory bundles which pass through the cribriform plate to synapse within the olfactory bulb. This is structurally very complex, but second order unmyelinated neurones pass along the olfactory tract to either synapse within the anterior olfactory nucleus or pass directly via the lateral and medial olfactory stria to the rhinencephalon or 'smell brain'. This is situated in the uncus and adjacent hippocampal gyrus of the temporal lobe and consists of both a primary and secondary olfactory cortex with profuse connections to the hypothalamic nuclei.
Olfactory assessment Assessment of the sense of smell has in the past been plagued by a lack of a truly objective technique. Both threshold and suprathreshold tests have been devised using a variety of techniquesv", but all of these rely upon a subjective response by the patient. The advent of computer averaging techniques has allowed the development of objective electric response audiometry and similar techniques have been used for objective visual, vestibular and somatic sense evaluationv". These techniques all rely upon the ability to average out random background EEG activity, whilst summating any reproducible response produced by a particular stimulus".
In all of these senses it is possible to adequately quantify and present a well defined and reproducible stimulus such as a click, tone, or visual field change. The problem with the sense of smell is to present a clear cut olfactory stimulus to the olfactory receptor area in a reproducible fashion, and to synchronize this with activation of the averaging computer. Some work has been done in this field 9 ,lO, but no attempt has been made to physiologically synchronize delivery of the olfactory stimulus with inspiration.
Method A carrier gas of medical air was used to deliver a saturated bolus of a purely 'olfactory' stimulus with minimal trigeminal irritant properties, in this case eucalyptus odour, by means of an electronically controlled motorized valve. The valve was activated by means of a respiration monitor attached to the patient so that delivery of odour could be synchronized to occur only during inspiration. A constant stream of medical air was inhaled nasally by the patient with odour delivered intermittently to avoid adaptation effects, using an interstimulus interval of five inspirations. The intensity of the presented odour was altered by adjusting the valve opening time which allowed the performance of threshold estimations. A total of 16 presentations of odour were made on two or three consecutive occasions and compared to similar recordings made with no odour. The subject was seated within a sound insulated room with masking noise applied to both ears to avoid any auditory response as a result of valve activation. EEG recording electrodes were placed frontally (the earth electrode), on the vertex (active electrode), and on the earlobe of the tested side (reference electrode). As with cortical response audiometry the patient was instructed to remain awake, motionless, and with the eyes open for the duration of the test which is approximately 10 min.
Subjects
A group of eight normal positive controls, that is subjects with a normal sense of smell, were used to assess the cortical waveform produced whilst a group of eight post craniofacial patients acted as normal negative controls. These are patients rendered anosmic as a direct consequence of surgical removal of the ethmoid block and cribriform plate, which thus removes the olfactory mucosal receptor area and olfactory nerves. At the time of testing all the subjects were free of concomitant nasal pathology with clinically clear nasal airways on the tested side.
.
Results
All the normal positive controls displayed a well defined and reproducible cortical response with a negative positive negative waveform. Threshold effects could also be obtained by altering the presentation time of the odour as previously described. Figure 3 represents three separate presentations of odour with the first showing a well defined response with a valve opening time of 300 ms and the second tracing a less obvious response at 155 ms, An olfactory threshold appears to be obtained in this subject with a valve opening time of 75 ms.
An identical procedure was performed with the post craniofacial subjects. Figure 4 shows that no reproducible cortical response was obtained with either a test odour or control stimulus. No subjective awareness of smell sensation was noted. 
Clinical examples
Post traumatic anosmia A 55-year-old road haulage contractor sustained a severe closed head injury after falling from the top of his fully laden transporter. He received a petrous temporal bone facture with a facial nerve palsy and labyrinthine involvement producing a 'dead' ear on the right side. On recovery from his head injury he was aware of a complete anosmia and associated hypoageusia. Clinical threshold and suprathreshold olfactory testing suggested a profound anosmia, and this was subsequently confirmed by cortical evoked response olfactometry (CERa) ( Figure 5 ). Radiology showed no evidence of a frontal fracture, so a shearing type of injury to the olfactory nerves seemed to be the most likely cause 12 • cases of malingering, post-traumatic anosmia and other medico-legal situations. 
Congenital anosmia
A 20-year-old student presented following a gas leak and subsequent explosion in his flat during which he was blissfully unaware of the preceding gas leakage. On further questioning he appeared to have been unable to smell odours since a very young child, to the extent that he was exploited at school by being volunteered to clean out rabbit and hamster cages. He showed no olfactory responses on subjective testing and evoked response testing showed a flat tracing ( Figure 6 ) indicating a lack of a discernible olfactory response. Currently, however, it is not possible to assess whether this represents a peripheral or a central effect, but it may prove possible in the future to distinguish the various steps in the olfactory pathways in an analogous way to that achieved with auditory evoked potentials.
